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ASTAVCa  COH7IDZHTIA1 HIPOKI 

VHTO-TOSIIEL   IHYESTIOATIOH  OP   COESROL-SURPACB 

CHARACTER1STICS.     II - VARIOUS   COITIOUR KOI IPICATIOSS 

OT  A 0.30-AIHJOIL-CHORD  PLAIN  FLAP  OS  AIT SAGA 

66(815)-014 AIRFOIL 

By Paul 2. Purser and John M. Riebe 

SUMMART 

Force—test measurements  in  two-dimensional  flow 
bare been Bade  in the XTACA 4— by  6—foot vortical tunnel 
to dot er nine  the  aerodynamic  character ist i es   of  an 1TACA 
66(215)—014 airfoil   equipped with  true—contour,   straight- 
contour a   and beveled—trailing—edge  flaps having chords 
30 percent   of  the  airfoil  chord.     The results   nre pre- 
sented   in   the form   of   aerodynamic   section   characteristics 
for  several  flap  deflections  and  for  a sealed  and un- 
sealed  gap  at  the flap  noae. 

She  slope  of  the  lift   curve,   the  effectivoness  of 
the flap,   and the  negative  slopes   of the hinge—moment 
curves   generally  decreased as  the  trailing—edge  angle 
was  increased,   us   the  gap at  the flap  noso was  opened, 
and as  roughness  vas   addod to  the  leading  edge of  the 
airfoil. 

She  aorodynaraic  center   of  lift   cau 
angle  of   attack moved  forward as   thu  tr 
was   lnaroasod and as  roughness  was  af.de 
leading edge.     The aerodynamic  center   o 
changing flap deflection  tended  to move 
trailing—edge angle was   increased  and, 
was  added  to  the  airfoil  leading  edge, 
rearward for   the  true—contour  flap,   to 
for  the  straight—contour  flap,   and to 
the beveled—trailing—edge flap. 

sod by  changing 
ailing—edge  anglo 
d to  the airfoil 
*  lift   caused by 

forward when  the 
when  roughness 
tonded  to move 
remain unchanged 
ove  forward for 

She  effects  of  beveled trailing edgeB  on the  charac- 
teristics  of a plain  flap  on a low—drag airfoil were not 
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•lgntficantly different from the  effects previously 
noted for  similar modifications  on conventional  air- 
foils. 

IHTRODUCTIOff 

An  extensive two-dimensional-flow investigation  of 
toe aerodynamic  section  characteristics  of  airfoils with 
flaps  has  been undertaken by  the HACA to  determine  the 
types   of  flap  arrangement  beat   suited for   use  ao   control 
surfaces   and to  supply  experimental  data for   design pur- 
poses.     She   investigation has   included nodlfications   of 
flap—nose  shape,  balance length,   and  gap  size   on  a 9- 
percent   thick low—drag  airfoil   and  on 9— and  15—percent- 
thick  conventional  airfoils.     Other modifications  have 
included  the use  of   a  straight—contour  flap   and  a beveled- 
trailing—edge flap.     She  resultB   of   some  of   these   inves- 
tigations  were reported  in references  l  to  5.    Reference 
6 has  used  the trailing—edge angle  of   tho  beveled—trail-5- 
ing—edge  flap  SB  a  basis  for   correlation. 

High—speed airplanes  require  the use  of   airfoil 
sections   with  low peak pressures,   such   as   low—drag  sec- 
tions,   for  tail  surfaces  to  alleviate  the  danger  of  shock 
stall.     In  order  to   extend airfoil  profile  alterations 
to  low—drag airfoil   contours,   tests  have been made  of 
the HACA 66(215)-014 airfoil   equipped  with  true-contour, 
flat—contour,   and  beveled—trailing—edge flava.     Through- 
out   tho  present  pnpor,   the flap having the   same  contour 
as  the   trailing edge  of   the basic  airfoil  will  be  re- 
ferred  to  as  the   true—contour  flap,   the  flap  having a 
contour  formed by  straight   lines   drawn from   the  flap nose 
arc  to   tho  trailing  edge as  the   straight—contour  flap, 
and the  flap  formod  by  thickening and  beveling the trail- 
ing— edgo portion  of  a  straight—contour  flap   as  the 
bevoled—trailing— edge flap. 

APPARATUS  Aim  MODEL 

The tests were made  in the XTACA 4- by 6—foot verti- 
cal tunnel  described  in referenoe 7.     The  test  section 
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ef this  tunnel has been converted from tho original 
open,  circular, 5—foot diameter Jet to a closed, reo— 
tangular,  4— by 6—foot  throat for force tests  of models 
in two—dimensional  flow.    A three—coaponent   balance 
system has  bean  installed  in the  tunnel  to measure lift, 
drag,  and pitching moments.     The hinge moments   of the 
flap were measured from  a special  torque—rod  balance 
built   into   the model. 

She  3-foot—chord  by 4—foot—span model  (fig.   l)   was 
built   of  laminated mahogany to   the ITACA 66(215)-014 
profile.     (See table   I.)   .The  airfoil  w.is   equipped with 
a true—contour flap  and a beveled—trallintr-odße  flap 
with  chords  30 percent   of the  airfoil  chord (0.30c). 
She  cusp  of  the  true-contour flap was  filled  in  with 
plasticine  to form  tho  straight—contour  flap used  in 
part  of the tests.     The nose radius  of  each flap was 
approximately one—half  the airfoil  thickness  at   the flap 
hinge  axis,  und tho  flap  gap  was   0.002c.     Tor  the  sealed- 
gap  tests,   a rubbor   sheet  was   connected betv/eon  thG noso 
of the flap  and  th& airfoil. 

The model,   when mounted  in  the  tunnel,   completely 
spanned the  test  section and was  attached to the balanoe 
frame by torque tubes  that  extended through  the  sides 
of the  tunnel.     Tho angle of  attack was  sot  from outside 
the tunnel  by rotating the  torque tubes with  an  electric 
drive. 

The te3ts wor 
and 15.00 pounds p 
respectively, to a 
hour at standard s 
Reynolds numbers o 
2,400,000 and 2,76 
is tho product of 
bulenco factor, wh 
tical  tunnol. 

TESTS 

e made at dynamic pressures  of 11.35 
or   Bquare foot,   which correspond, 
irspoeds  of about  66 and 76 miles per 
ea—level  conditions.     The   effootlve 
f  the tests  were approximately 
0,000.     Tho  effective Reynolds number 
the test fioynolds  nuzibor  and  tho tur— 
ich   is  1.03 for  the 4— by  6—foot  vor— 

The  three flap  contours  tested were  set  at  flap do— 
itions  from  0° to  30°   in  increments  to 5   ,   i fleet 

aniadditional deflection of 2°, 
and unsealed.  Tor each flap setting, the values of lift, 

including 
i with the gap both sealod 
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*'»«» pitching moment, and flap hinge moment were read 
throughout the angle—of—attack range from negative stall 
to positive stall.  All readings were taken at increments 
of angle of attack of 2°, except near the stall where 
the increment was reduced to 1°. 

Torco tests were also made at an 'angle of attack 
of 0°, at flap deflect ions fron 0° to 30° in increments 
of 5° (including an additional dofloctlon of 2°) in 
order to provide a check for the tests previously men- 
tioned and to obtain data for uoasuring eono of the 
parameters without cross—plotting. 

In order to determine the effect of a fixed transi- 
tion point near the leading edge on the aerodynamic 
characteristics, force tests were also made with surface 
roughness extending back approximately 3.7 inches (0.11c) 
from the airfoil leading edge.  The roughness consisted 
of carborundum particles of the size and distribution 
referred to as standard roughness in reference 6. 

She accuracy of the data is Indicated by the devia- 
tion from zero of the lift and moment coefficients at 
an angle ci' attack of 0° with the flap neutral.  She 
maximum error in effective angle of attack at zero lift 
appoared to be about ±0.3°.  Tlap deflections were set 
to within ±0.2°.  Tunnel corrections, oxporimentally de- 
termined in the 4— by 6—foot vortica.1 tunnel, were 
applied only to lift.  She hin^e moments me probably 
slightly higher than would be obtained in free air and, 
consequently, the valuos presented are considered con- 
servative.  (See reference 9.)  She increments of drag 
should bo reasonably independent of tunnel effect, al- 
though the absolute values are subject to unknown tunnel 
and turbulence corrections. 

STKBOLS 

Ihe coefficients and symbols used in this paper are 
Aefined as follows: 

C% airfoil section lift coefficient  (l/qc) 

0£0  airfoil section profile drag coefficient  (do/qo) 

Cm   airfoil section pitching—moment coefficient about 
quarter—chord point of airfoil (m/qc-O 
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©hf        'lap eeotion hinge-moment  coefficient    (fc$/?Cfs) 

where 

I airfoil section lift 

d0 airfoil sent ion profile drag 

• airfoil section pitching moment about  quarter- 
chord point  of airfoil 

hf flap section hinge moalent 

e chord of casio airfoil! with flap neutral 

°f flap chord 

q dynamic pressure 

and 

a0 angle of attack for airfoil of Infinite aspect 
ratin,  degrees 

flf flap deflection with respeot  to airfoil,  degrees 

0 trailing edge  angle — Included between sides which 
form trailing edge of flap,  degrees, 

Bg effective Reynolds number 

PRESENTATION 07 RESULTS 

She aerodynamic section characteristics  of the 2TA0A 
66(215)-014 airfoil fnr a gap  «f  0.0C2c and for  the gap 
sealed are presented  in figures  2 and 3, respectively, 
for the 0.30c true—contour flap,   in figures 4 and 5, 
respectively,  fer  the  0,30c straight—contour  flap,  and 
in figure«  6  and 7,   respectively,   fnr  the 0,3Cc beveled— 
trailing—edge flap. 

A comparison of the aerodynamic section  characteris- 
tics at  sero flap defiection with smooth and roughened 
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leading edge for the true-contour,  straight-contour,  and 
beveled-trailing-edge flaps  is   shown  in figure 8 with  a 
gap  of 0.002a and  in  figure 9  with  the gap   sealed.     The 
variation of  tho aerodynamic section characteristics with 
flap deflection for  the true  contour,   straight-contour» 
and leveled— trailing— edge flaps  with a smooth and roughened. 
leading  edfie at   zero  angle of  attack  is   shown   in figures 
10 and 11 with  a gap   of  0.008c and with the  gap  sealed, 
respectively. 

Incronents   of   section profile-drag  coefficient 
eaused   Dy deflecting  the flaps   are  Given   in  figure  13 
for  tho true-contour flap,   in figure 13 for  the  straiphi»- 
contour  flap,   and   in  figure 14  for   tho  beveled—trailing— 
edge flap.    Pigure IS  shows the  effect  of Reynolds nuaber 
on the  airfoil with  the  true—contour fla^  at   zero deflec- 
tion with the gap  sealed. ' 

Xhe  flap hinge—r.onent paraneterE     (di V-a4f 
and 

(dcaf/dSf)       are  shown  in figure  16  as  functions  of  the 

trailing—edge angle  for  a gap  of  0.008c and  for  the  gap 
sealed with  a smooth  and roughened leading-edge.     Xhe 
various  parameters for   the true—contour,   straight—contour, 
and beveled—trailing—edge flaps,   which  are presented for 
comparison   in  table   II,   are the values -of   r.lopen contoured 
at  an  an^le  of attack and n flap  deflection  of   0°. 

DISCUSSION 07 RESULTS 

Lift 

Oeneral  share  of  lift  curves.— Che lift   curves   of 
the straight—contour  or  bevelod—trailing—edge flaps for 
various  flap  deflections  and for   the gap  open (figs.   4 
and 6)   or  for  the  gap  closed (figs.. 5 and 7)  havo tho 
ease general  shape  as  the  lift   curves  of  the  true—contour 
flap for  the  gap  open (fig.. Z)   or   for  tho  gap   closed 
(fig.   S).     She gap—open  and gap—cealed  conditions  have- 
different   flap deflection ranges   where  the  lift   curves 
approach  the  linear   conditions.     Tor   the gap—open  condi- 
tions,   some  nonlinearily  occurs  for  tho 10°  and  15°  flap 
defloctions;  whereas,   for  the gap—sealed  condition,   this 
nonlinearity  is most  noticeable for  the 15°  and 30c  flap 
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deflections.    As the trailing—edge angle  increases,  the 
range of flap deflections over which this nonlinearlty 
occurs  tends to become larger when the gap  io  sealed 
and to remain the  sane when the  gap  la  open. 

She angle of attack at wh 
tended to increase slightly as 
inoreasod with the gap open bu 
flaue with tho gap sealed, A c 
3 with the data of reference 1 
curves for various deflections 
for Doth the sealed and unseal 
66(315)-014 airfoil are i.ore 1 
at greater angles of attack th 
airfoil. 

ich  the  airfoil   stalled 
the  trailing—odes angle 

t   was  approximately  the 
oaparison  of  figures  2  and 

indicates  that   the  lift 
of   the  true—contour  flap 

ed  gap on  the HACA 
inear and  indicate  stall 
an those of  the HAOA 66—009 

Slope  of lift   curves.— The  slope  of the lift   curve 
Qäcj/öoio]fe       for  the  true-contour  flap was  larger  than 

that for tho straight—contour or beveled—trailing—edge 
flap with the sealed or unsealed gap. (See table II.) 
The decrease  in    focj/öo^Js-    for  the  three  .T n.p   contours 
that  occurred with   increasing trailing—odge  angle nay  be 
attributed to  the   increased  thickness   of  the   after por- 
tion  of   the   airfoil,   which   caused  an   increased  deviation 
In flow fron   the  theoretical  flow for   thin  airfoils.     A 
decrease   in    ydoj/öaA^    also  occurred for  tho  three 
flap   contours  when  tho  gap was  unsealod.     This   trend 
agrees  qualitatively with  tho results  for  the HACA 0009, 
0015,  and 66—009   airfoils  (roferonces  1  to  5). 

Effectiveness   of  flap.— The  offectivoness  of tho 
flaps   (<**o/dSf^c,     v/as   greatest   for  the  true—contour  flup 

and was   approximately  the sane with the gap  both  sealed 
and unsealed.     As   the  trailing—edge  ant;le   increased,   the 
effectiveness  decreased;   and unsealing the  gap  further 
reduced  the  flap   offeotiveneos   (table   II). 

With  tho gap  unsealed,   all  flaps  tested  were  ef- 
fective   in producing positive  Increments   of   lift   at  all 
positive  fla;>  deflections  within  the unstalled range  of 
angle of  attack.     The  flap  effectiveness  at   soro  angle 
of  attack  and snail  flap deflections  wan  gronter  with  the 
gap  sealed than with  the gap unsealed,  but   the  increments 
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of lift for the high flap deflect lone with the gap  sealed 
were very small or  sero  in part  of the negative angle- 
of—attack range.    Although a drop   in effectiveness  ooeurred 
at high flap deflections  at  negative angles  of attack, 
the drop   in  effectiveness  with  flap  deflection  at   the 
positive  tingle  of  attack was not   so  pronounced for   the 
»ACA 66(315)-014 airfoil  as  for   the SACA 63-009   airfoil 
(reference  l)   and  0015   airfoil  (reference  5), 

Slope  of  lift   curves with   controls  free.— The param- 
eter    foc;/daJ)0      =*0    (table   II)   is  a measure   of   control- 

» h* 

freo  stability.     Tho  slop© of  the   control—free  lift   curve 
was  lees   than that   of  the   control—fixed lift   curvo for 
the truo-contour  flap  with  the  gap  oithor   Eoalcd  or un- 
sealed.     Tor  the  straight—contour   flap  the   slopo  of 
tho lift   curve with   control  froo  was   smaller   than  with 
control  fixed for  the   sealed gap;   whereas  no   change 
oocurrod for   the  opon  gap.     Tho   sl^pc  of  the   control— 
froo lift   curvo was   larger  than  that   of  the   control—fizod 
lift   curvo  for   the  bovoled-trailing—edge flap,   boing 
greater  when  tho  gap  was  unsealed  thr.n '-/hen   scaled.     Com- 
parison   of   tho  data  for   the  threo  flap  co;-.tours   shown   an 
increase   in    (ocj/äa^)cn.=  C    with  trailing—odgo  anglo. 

It  should ho noted  that  those  statements  urc  baood or. 
slopo values  moasurod  over  a  small   angular  range and thoir 
use  is   therefore  limited  to   stability  calculations  and 
other  applications  which  are  concerned only  with  small 
changes   in   angle  of   attack  and  deflection. 

I 

M 

Bffoct of loading-edge roughnoBB.- The effect of 

roughness on the airfoil leading odgo was to decrease 
the slope of the airfoil lift curves and the effectives 
ness of the true—contour, straight—contour, and beveled— 
trailing—edge flaps for tho gap both sealed and unsoalod. 
(Soe table II.)  Tho presence of roughnoss on tho airfoil 
leading edge did not change the tendency of tho open gap 
and the increased trailing—odgo angle to roduoo tho 
slope of tho airfoil lift curve and tho flap effectiveness. 

Vith controls free the Blrpes of tho lift curves woro 
larger with a rough.onod leading edge than with a smooth 
loading odge in all cases excopt that of the true—contour 
flap with gap sealed and tho bevelod—trailing— odgo flap 
with gap unsealed.  Tor the beveled—trailing—edge flap 
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with gap unsealed the prosenae of roughnose resulted  In 
an unstable condition because both    fdon^/daX       and 

(dchf/dSf)a    were positive. 

She  lift  coefficient  increased rolativoly linearly 
with the flap doflections  above 10° with  either  smooth 
or roughenod leading edge when  the  gap was  sealed  or un- 
sealed (figs,  10 and  11).     The  general  effoct   of rough- 
ness, however,  was   to  roduco tho  lift   coefficient  at  a 
given flap  dofloction  and to roduco  tho maximum lift 
coefficient ' • 

Effect of Rovnolds number.— An increase in offootivo 
Reynolds numbor from approximately 3,400,000 to 2,760,000 
inoreasod the maximum lift coefficient from 1.06 to 1.13 
at positive angles of attack and from —1.01 to —1.20 at 
negative angles of attack for   the NACA 66(215)-014 air- 
foil with a true—contour flap at  6f = 0°  with the gap 
sealed.  (See fig. 15.)  Increasing the effective Reynolds 
number caused a slight increase in the slope of the lift 
curve.  She differences in the angles of attack for zero 
lift for the two tests is within the limits noted previ— . 
ously under "Tests*1 and iß probably the result of errors 
in setting the angle of attack or flap defleotion. 

Hinge Moment of Plap 

General shape of hinge—moment curves.— The curves 
of flap section hinge moment plotted against angle of 
attack (figs. 2 to 7) were not unusual except for the 
breaks that occurred at the intermediate and high flap 
deflections.  These breaks, generally larger with the 
gap sealed than with the gap unsealed, were probably the 
result of flow separation over the flap. 

Slope of hinge—no»ent-curves.— The hIngo—moment 
parameters for the three flap contours with tho gap 
sealod and unsealed are given in table II.  Because of 
the nonlinearity of the hinge—moment curves, over most of 
the angle—of—attack range, tho parameter  (dchf/do*^«^ 

was moasured at  8f - 0  and a0 =» 0°  ovor the linear 

range previously mentioned.  Although this range is small, 
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these values  can be used for  comparing the throe flap 
contours and for  stability computations;  however,  for  a 
complete  comparison  the entire sot   of hiago—moment 
currOB muBt  bo taken  into consideration. 

Iho noasured slope    (öcnf/dao^-    was   aero  for  the 

straight 
for  the 

—contour  flap with tha  gap unsoolpd;  howevor, 
Sap  both  sealod   and unsealed,     \^o^f/ba^f 

was  negative  for the  true—contour   flap  and  was  positive, 
showing an   overbalance,   for   the  beveled—trailing—edge 
flap.     (Gee figs.   8   and 9.)     The value    (ocfcf/oajg^ 
was more positive for  the flaps  with  the  larger  trailing— 
edge angles.     This  trend agrees  qualitatively with the 
data of reference  4,   but   the  actual value  of  the  change 
is larger  than that   Indicated by the  curves  of refer- 
ence 6. 

Values   of the parameter    (^chf/d5f)a    (figs.   10 
and ll)  were measured at flap deflections iron  0° to 5° 
because  of the nonlinearity of  the flap  section hinge- 
moment   curves throughout  the flap  deflection range.     An 
increase   in trailing—edge angle produces  a docrease  in 
the negative value  of     \bciif/bSf)a    for  the  gap  sealed 

or unsealed (table   ll).     This   trend  also  agrees   with   the 
data of reference 4 but   the  actual values  are  again 
larger  than  those   indicated  by  the   curves   of  reference  6. 

Bffoct   of loading—edge roughness.— Tho  effect  of 
leading edge roughness  on the variation  of    (bc^,/ba^^f 

and (&chf/^öf)a with trailing—odgo anglo and gap con- 
dition for tho 0.30e flaps on tho NACA 66(216)-014 air- 
foil  (fig.   16)   was   to  make both     (dc^  /daA        and 

V^°hf/^f/ou   ffl°re positive.     The presence  of leading- 

edge roughness did not  alter tho gonoral tondenoy of 
\?0hf/^ayif    ana    0chf/^6f)a    to  bocoin« more positlvo 
with  increases  in  trailing-edge anglo and with unseal- 
ing the gap. 

Bffoct of Reynolds number.- An incroase in effootivo 
Reynolds nunbor fron approximately 3,400,000 to 2,760,000 
slightly Increased the negative value of    [boh  /oaAgf 

'••••'&* 

•\ I 
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for the true-contour flap at    8^=0      with the gap 
•ealed (fig.  IS).     She dlffereneo  in the values  of tho 
hingo-momont   coefficient  at    ao » 0°    probably resulted 
from  errors  in sotting the angle of  attack and flap do— 
floot ion. 

Pltohing Honeat 

She values  of  the paramotore    (dcm/doj)-    and 
(c)en/oct)sf,   shown  in table  II,   give the position of the 
aerodynamic  center with rospoct  to tho quarter—chord 
point.    When  the lift  was varied by  changing tho angle 
of  attack  at   a flap  doflection   of   0°,   the   aerodynamic 
oontor   of  the  smooth  airfoil  with  a  scaled  gap  was  at 
0.25o for  the  truo—contour  flap,   0.33c for   the  straight- 
contour  flap,   and 0.30c  for   the  beveled trailing—edge 
flap*     Ihlo  trond  agrees  qualitatively with   tho  results 
In roference  4.     With roughness   on  tho  leading  odgo,   the 
aerodynamic  oontor  aovoi  slightly   forward  to  C.24c  for 
tho true—contour  flap,   to  0.31c  for  tho  straight—contour fla^ 
und ,tot . OC193-- for   tho  beveled—trailing-ed^e  flap.    Un- 
sealing the  gap  generally had  little   effect   on   the 
position  of   the  aerodynamic   center.     Increasing the  ef^ 
feotive Seynolds  number  had very  little  effect   on  the 
aerodynamic  center  of  the airfoil  with the  sealed truo— 
Contour  flap  at     6f  -   0°     (fig.   IS). 

She following  table  gives   the position  of   the aero— 
dynonio  center  of  lift   due to  flap  deflection: 

Aerodynamic .center 

Leading 
edge 

True—coat our 
flap 

Straight—contour 
flap 

Beveled—trailing- 
edge flap 

0.0C2o 
gap 

Sealed 
gap 

0.003c 
gap 

Sealed 
gap 

0.002c 
gap 

Sealed 
gap 

Smooth 
Sough 

0.430 
.460 

0.41c 
.44c 

0.43c 
.43c 

0.42c 
.43c 

0,40c - 
.36 a 

0.41c 
.38c 

With roughness  on the leading edge,  the aerodynamic 
eenter  of lift  caused by flap deflection moved rearward 

&* 

-. feftV. 
'•IV... 

^if • 
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at)out  0.03a for  the true—contour  flap,  remained un- 
changed for  the  straight—contour  flap»  and moved 0.03c 
to 0.03c forward for  the beveled—trailing—edge  flap. 
The position of  the  aorodynamie  center  of  lift   caused by 
flap deflections   Is  a function  of  the aspect  ratio (ref— 
erenco  10)   and moves  toward the   trailing  odge  as  the 
aspect   ratio  decreases.     It   can  be  seen that,   if  tho 
aerodyna-iie— center positions  are  plotted against 
{$Chf/öccAj.     and    (öchf/oSf)-       there   is  a general  trend 

for  tho  aerodynamic  centers  to neve forward as  the 
slopos  of  tho hinge—moment  curves become more positive. 

Drag 

Bocauoo the turbulence of the 4— by 6—foot vertical 
tunnol made it impossible for tho low-drag condition to 
be realised on the HACA 66(215)—014 airfoil and because 
of the unknown tunnol correction, tho measured values of 
drag cannot be considered absolute and are not presented 
in tho prosent report.  She incremental values, however, 
should bo relatively independent of tunnol offset, and, 
therefore, increments of profilo drag caused by defloca- 
tion of tho true—contour, straight—contour, and beveled— 
trailing—edge flaps arc shown in figuros 18, 13, and 14, 
respectively.  These increments wore determined by de- 
ducting the dra,'i coefficient-of the airfoil with the 
flap neutral fron the drag coefficient with the flap de- 
flected, with all other factors remaining constant.  _';r 
r  T   *. 

For   nil  three flap   contours  at     aQ =  0°     and at 
positive flap deflections above IS0,, the increments of 
drag coefficient were larger with the gap v,:'.aealed than 
with  the  gap   sealed. 

Comparison  of  figures  12  to   14   indicates   that   de- 
flecting the  true—contour  flap  generally  caused the 
largest   increment   of   drag;  whereas   deflecting  the beveled- 
trailing—edge flap   caused the  least   increment.     When the 
data  of  figures   13  to   14 were   compared  on  an   equal  lift— 
increment  basis  rather   than  on  an  equal  flip—deflect ion 
basis,   the  true-contour flap  still  produced larger drag 
increments  than  the   other  flaps   over  a range  of  about 
0.4  in    Acj,     but   the  difference   in  the  Increments  was 
much less  than shown  in the figures. 

-•.-;•-••...;•»-•   ,V •* • ' 

• I        '     .'*£•''* "V \       :...••/ 
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concurs ioirs 

Tes 
foil eau 
beveled—' 
percent 
ing tho 
over tho 
diffor en 
t i onal a 
elusions 

ts have been  made  of  tb 
ipped  with  true—contour 
trailing—edge flaps hav 
of   the  airfoil   chord, 
trailing—edge  angle had 
airfoil  trailing edge 

t  from the   effects prev 
irfoils  and are   contain 
I 

e SACA 66(315)-014 air- 
,   straight—contour,   and 
ing   chords   equal  to 30 
The  effects  that   incroas- 

ln  decreasing the lift 
were not   significantly 
iously notod   on  conven- 
ed  in  tho following eon— 

1. Che  slope  of  tho  airfoil   lift   curvo  was  largest 
with  the   scaled true—contour  flap  and deoroased as  tho 
gtvri  r.t   tho flap no3o was   opened,   as  the  trailing— edgo 
angle  was   increased,   and  as roughness  was   added  to  the 
airfoil   loading  cd.30. 

2. "ho  slope  of   the lift   curve with   controls  free 
(zero  flap hinge raoaont)   generally   increasod  as   the 
trail Jr.;?-cdgo  angle   ir.croasod  ard  as  roughnoss  was  added 
to  the   airfoil  leading  edge.     5?li3   effect   of  tho gap  at 
the  hi;:go  lino vai-iod  with  trailing— odgo  ar.glo   and  with 
tho  aA.'-iticn   of  roughnoss   to   tlic«   airfoil   loading  odgo. 

3. Oho   effoctiveness   of   the   flap   in  producing lift 
wa3  greatest   with  the  true—contour  flap and  generally 
decreased  p.s  the  gap  at   the  flap  nose was   opened,   as 
the  trailin6-*-edge   an,?lc  was   increased,   and   as  roughness 
was  added  to  the  airfoil  leading   edge. 

4. The slope of the curves 
against angle of attack at a fl 
small angles of attach was appr 
straight—contour flap, negative 
flap, and positive for the oeve 
The negative slopes of the curv 
against flap deflection for all 
creased as the trr.iling— edge an 
was added to tho loading edge 0 
the straight—contour and "bevelo 
the  gap   at  the  flap  nose was  un 

of hinge norient  plotted 
ap  deflection  of  0°  and 
oximately  aero  for  the 
for  the  true—contour 

lod—trailing— edge flap, 
es   of hingt* sonant plotted 
- three flap   contours  do— 
gle   increased,   as  roughness 
f  the airfoil,   and,   for 
d—trailing—odgo flaps,   as 
sealed. 

6.  Whan  the  lift  was varied by  changing the anglo 
of  attack at   aero  flap  deflection,   the aerodynamic center 
of tho  smooth  airfoil  with a soalod gap moved forward as 

-•.•••.•     "',•••,'"'       ;    "    -'*'     ''•'I •*.•»**'•<&••••   #      '., '        *•••"— v* 
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the trailing—edge angl 
gap hod little offect 
the addition of leadIn 
dynaaic center forward 
chord. At constant an 
cBntor of lift caused 
BOTO forward as tho tr 
Unsealing tho cap or a 
leading edge tonded to 
ward for tho true—cont 
•bovolcä—trailing—edge 

e was increased. Unsealing tho 
on the aorodynamic center; whereas 
g—edge roughness noved tho aero— 
1 or 2 percent of the airfoil 

gle of attack the aorodynanie 
by flap deflection also tended to 
ailing—edgo anglo was increased, 
dding roughness at the airfoil 
move the acrodynaaie center riia*- 
our flap and forward for the 
flap. 

Langley Honorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics 

langley Field, 7a. 
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TABLI I 

ORDINATES 70S EACA 66(315)-014 AIH70II 

[Stations and ordinates in percent of airfcil chord] 

•mmm 

Station Upper L0W9T 
surface surface 

0 0 0 
.5 1.036 -1.036 
.75 1.240 -1.240 

1.25 1.535 -1.535 
2.5 2.08C -2.030 
5.0 2.860 -2.880 
7.5 3.506. -3.5 C6 

10 4.0*8 -4.048 
15 4.9 04 -4.9 04 
20 5.566 -Ö.E66 
35 6. 0B1 -P.081 
30 6.470 -6.470 
35 6.748 -6.743 
40 6.?£0 -6.920 
45 6.995 -6.995 
50 6.962 --.96 2 
55 6.9 07 -6. 8 07 
60 6.497 -6.497 
65 5.978 -5.978 
70 5. 2i34 -5.224 
75 4.342 -4.342 
80 3.C75 -3.375 
85 2.375 -2.375 
90 1.339 -1.389 
95 .523 — .523 

100 .095 -. 0S5 

L.B ,   rr.dius:   1. 206 

1 
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TABLI   I 

OHDIBATSS  FOE  EACA  €6(215)-014 AIH70IL 

[Stations  and  ordinates   In percent   of  airfoil  chord] 

Station Upper Lower 
surface surface 

0 0 0 
.5 1.056 -1.036 
.75 1.240 -1.240 

1.25 1.535 -1.535 
2.5 2.080 -2.C30 
5.0 2.880 -2.880 
7.5 3.5 06 -3.5 C6 

10 4.048 -4.048 
15 4.904 -4.9 04 
20 5.566 -5.566 
25 6.031 -6.081 
30 6.470 -6.47 0 
35 6.748 -6.743 
40 6.920 -6.920 
45 6.995 -6.995 
50 6.962 -6.96 2 
55 6.807 -6.807 
60 6.497 -6.497 
(55 5.978 -5.978 
70 5.224 -5.224 
75 4.342 -4.342 
80 3.375 -3.375 
85 2.375 -2.375 
90 1.339 -1.359 
95 .523 -.523 

100 .095 -.095 

L.I .   rr-diug:   1 ,2 06 

M 
1 1 

i. 

PEP!!!!!"7 

: -• >< .. •    *•>.   —.. t~~    •'•   v .i- -J-, •"ff1'-•:• •.."••••••••*•' 

.   i:-~ ?* .».!,-   •'-!,:•,-      •     ; • :       :fi?*-.      •-• •  ..•*•>••,  ,'•       ••• '•-•V: •    -^ 
',..;,.    .,  '. j*-leV:. . ,.,i .  -;S        •        •      ...»     •.-•'..•..•..•      . -.      .if. :S'.   ... 

"\ 

:V^'-"Ä 

r 



I 
• 4-5 '-.•'.•„•yr.- 

. .-»>ftrs 

17 

TABLE  II 

PAB1MBTBH   VALUES   01 TLAPS   OT   0.3 0c   TESIID 

OH THE  HACA 66(315)-014 AIHJOIL   IH  SHE 

SACA 4-  BY  6-r00T  VEBTICAL  TITCNEL 

Parameters 
Loading- 

edge 
surface 

True- 
contour 
flap; 

P  - 3° 

Straight- 
contour 
fi.ap; 

0 = 1P.30 

Beveled- 
trailing- 
«dpe flop; 
• fi   e 3 00 

"rar, 
sea.l ed 

-0.56 

— .48 

Gap, 
0. 0C?c 

•0.46 

-.43 

.084 .079 

.OSO . C77 

.189 .233 

.258 Diver- 
Bent 

.045 .053 

.062 .063 

-.159 -.150 

-.1Z3 -.123 

.0049 . 0C56 

.0057 .0058 

. 0023 -.0010 

.0008 .0010 

•'•vSM*' 
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ABSTRACT: 

Aerodynamic section char a terlstlcs for several flap deflections and for sealed s»nd 
unsealed gap at the flap nose are presented for true-contour, straight-countour, and 
beveled trailing edge flaps. Slope of lift curve, flap effectiveness, and negative slope 
of hinge-moment curves decreased as the trailing edge angle increased, as the flap nose 
gap was opened, and as roughness was added to the leading edge.  Movement of the 
center of lift caused by changing flap deflections depended on the type of flap used. 
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